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SCREENING OF SOLANUM SPECIES FOR RESISTANCE TO 
PHYSIOLOGIC RACES OF PHY TOPHTHORA INFESTANS? 


W. Brack? M. E. 


When it became evident that physiologic races of Phytophthora 
injestans (Mont.) De Bary would be found which are capable of attacking 
potato plants bearing the four known resistance genes, Black (1) pointed 
out that “the search for new and more powerful resistance genes must 
continue.” The discovery of races 1,2,3 and 1,2,3,4 in Canada (3.5) made 
it possible to determine the genotype of potato seedlings and Solanum 


species bearing one or more of the resistance genes Ry, Ro, Ry and Ry and 
' to search for new resistance genes. Races 1,2,4: 1.34: and 2.34 were 
described previously when international system of naming potato 
j physiologic races and genes controlling resistance to them was proposed 
(2). 


When only the four known resistance genes are present in an accession, 
its genotype can be determined by four separate inoculations with races 
123; 12,4; 1,3,4; and 23,4. Since plants bearing one or all of the four 
genes are susceptible to race 1,2,3,4, resistance to this race would indicate 
the presence of new and different resistance genes. The results of screening 
a large number of accessions of Solanum demissum and other Solanum 
species with the above five potato races of P. infestans are presented in 
this paper. 


MATERIALS AND 


Seeds of the Solanum accessions used in these studies wer supplied 
by the Commonwealth Potato Collection, Cambridge, England and by the 
Potato Introduction Station, Sturgeon Bay, Wisconsin. The tests were 
carried out in Edinburgh and Morgantown, After eme rgence, the young 
seedlings from each accession were divided into five groups and trans 
planted to flats of greenhouse soil. The seedlings were imoculated when 4 
to 6 weeks old. 


The source of the races of P. infestans employed in Morgantown were 
7 as follows: Races 1,2,3; 1,2,4; and 1,2,3.4 from J. L. Howatt, Fredericton, 
New Brunswick, Canada; race 2.3.4 (N9) from C. Mastenbrock, Plant 
Breeding Station, Central Bureau. Hoofddorp, The Netherlands; and race 
13,4 supplied by the senior author. In the tests at Kdinburgh, the races 
were of the same origin with the exception of 1,24 which was ( 
Mastenbroek’s N&. Cultures of these races were maintained on lima bean 
agar, on tubers, or on detached potato leaves 

Inoculum was prepared by making a sporangial suspension from the 


1 Accepted for publication April 25, 1957 
Published with the approval of the Director of the West Virginia \gricultural 
Experiment Station as Scientific Paper No, 550 


“Chief Assistant, Scottish Plant Breeding Station. Edinburgh, Seotland. The senior 
author is indebted to J. M. Dunnett who assisted with part of the tests in Scotland 
4 Associate Professor of Plant Pathology, West Virginia Univer ity Morgantown, 


West Virginia, U.S.A. The junior author is indebted to R. Pristou who a ted with 
part of the West Virginia tests. The work at West Virginia wa upported in. part 


by a contract with the Chemical Corps, Fort Detrick, Frederick. Md 
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lina-bean agar or from detached leaf cultures, The sporangial suspensions 
ere held at near 10°C for 1% to 2 hours to induce zoospore liberation. 
In West Virginia, the plants were sprayed with the zoospore-sporangium 
suspension and placed in a constant-temperature humidity room (18°C, 
100 per cent relative humidity) for 24 hours and then removed to a 
rreenhouse maintained at 20°C for symptom development. Treatment in 
“dinburgh was similar with the exception that the temperature-humidity 


> 


chamber was not automatically controlled. 
even days after inoculation, the plants were examined and placed in 
one of the following disease index classes : 1) Immune—no evidence of 
nitection; 2) Highly Resistant—necrotic flecks and small lesions: 3) 
‘loderately Resistant-—larger lesions often spreading slowly; 4) Suscep 
tible-—actiy tem and leaf lesions with plants remaining alive: 5) Very 
plants dead or dying. Plants with an index reading of 3 or 
considered as resistant, whereas those with an index of 4 or 
re considered as susceptible. The data in the tables of experimental 
re reported as a ratio of resistant to susceptible and do not indicate 
of resistance susceptibility, 
eparate consigninents of seed of the United States accessions 
doin iedinburgh, Scotland and in Morgantown, West Virginia. 
amples in the different consignments were designated by the 
introduction numbers, most of them varied as to vear collected 
rom different clones. In a few cases the seed was a mixture of 
data from the different tests were brought together, it was 
e results from a number of accessions varied with the seed 
In the tables of experimental results the data from the 
otalled and reported as one segregation ratio for each 
In agreement. If the results were not in agree- 


st were reported separately. 


RESULTS 


den In table 1 are shown the results of screening 
accessions of the Potato Introduction Station. It will be 
number of them gave progenies in which all the individuals 
istant mm all tests V1 he five races, ‘These ACCESSIONS are as 
160221-3, 161149-2, 161154m, 161175-2, 161175-4. 161176-2. 
161725-1, 161729-1 and 161732-1. Sine 
tons of some progemes to race 1.2.3.) were typical of hypersensi 
probable that the parent plant contamed new venes, 
tor von already know Tlie ab ence of susceptible seyvrevates 
R Wel sent in the he mozvygous condition. breld 
also be present in this material but no definite conclusion 
without reeour to breeding experiments. This group, 


be regarded as the most pronusing source of resistance 


econd group, comprising accessions that segregated and gave 
sts. is as follows: 160227-6, 160229-7 


tent results in different te 
161365-9, 161701-1. Although some of the ratios obtained are 


Mendelian segregation, many of them are too far removed to 
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] Results from screening S. demissum accessions of the U.S. 


Potato Introduction Station for resistance to physiologic 
races of P. infestans. 


Ref, No ' a Segregation per Race (Resistant to Susceptible ) 
Seed Lot 12,3 124 134 234 12,34 
160220-2 40-0 0 40) IR) 
4:14 ) 10 4 
160221-3 724M. | 66:0 ) 


160222 40-0 0 40 


10:12 10 
1227-6 724 M. 46-48 76:15 59 
1600229-7 38 :24 5 3 51 
160230-3 2 | 
#160230 


161149-2 


M3 
M1+M3 
M1I+M3 


+M24+M3 

+M2+M3 | 100:0 

+M24-M3 93-0 
4) 
18:3 
105-0 


Test made in Morgantown with seed 
t made in Morgantown with seed I 
made in Morgantown with seed 
t made in Edinburgh with seed | 


*Seed lots not necessarily 


ie 
~ 
120-0 
19 3 
| 19-119 
23 
5 3:19 
33:97 
23:0 23 22:0) 23 :0 23 :0 
*16115lm | F2 10:0 40-0 40-0 40-0) 50:0 
M3 13:10 19:3 16:7 17:4 19:4 
*161153-4 F2 37-3 40-0) 11:29 
) M3 5:29 1 :32 12:19 ():32 10:20 
*161154m | F24M3 710 70:0 71:0 720 87 
161155-6 40-0 40-0 40-0 40-0) 170-0 
M3 ee 12:8 8:12 12:8 2:17 
*161165-1 | MI 23:0 15:0 6:12 15:6 10:5 
| M3 | 10:7 0:18 10:8 2:16 13:5 
*161166-2 | MI | 13:0 17:0 2:7 17:0 170 
M3 5:18 12:12 8:15 13-10 
*161166-3 | 42:0 42:11 0:60 30:8 27:15 
| M3 | 15:2 126 16-0 10-8 180) 
*161169-1 | M1 57:0 55:0 63-0 59-0) 
M3 8:13 14:17 23:8 26:5 27 :4 
*161169-5 M1 | 64-0 63-0 61-0 67-0 63-0 
20:9 22:8 25:5 11:17 
*161175-2 | 55-0) 63-0 70-0) ss 
161176-2 | F24M3 42:0 44-0 46:0 43.0) 97 
*161179-1 | \43 19:0 18:0) 16:0 16:0 1K 
*161179-3 | M14M3 | 0-49 0:54 2:48 0:17 
*161179-5 M1+M3 116-0 75:0 100-0 78-0 770 
180-7 i; 40-0 40-0 0°40 40-0) 760 
M3 21:3 18:4 1:24 2:25 21 :6 
*161181-7 | M1+M3 760 75:0 790 68 0 770 
161287-1 40-0) 40-0 40-0 1-0) 
1 M3 27:9 27 :11 26:12 28:10 
*161365-5 | M14+M3 32:58 44-43 55:20 47 :23 35:37 
*161365-9 M1+-M3 26 :59 50:34 7829 65:2] 28 :54 
*161366-5 M1 54-0 41:0 65:0 57 0) 41-0 
M3 22:5 20:6 22:4 2) 21:5 
*161366-9 | 53:0 70:1 62-0 624) OX 
M3 22:5 21:6 20:7 22 23:4 
*161367-1 | F2 1-0) 40-0 32-15 : 
M3 19-0 0:20 2:18 17 :2 2:18 ; 
M13 16:14 17:13 20:12 9 23 
} 161693-3 40:0 40:0 41) -0 40-0 130-0 
M3 11:11 6:16 8:14 9:15 7:15 
161701-1 | F2 78:0 82:6 60 96115 
| 161725-] | 101-0 RX) 89-0 12% 
161729-1 9? 95-0 94-0 193-0 
*161731-2 40-0 40-0 40-0 145-0 
3) 18:4 22-0 wo 
| M 2? 20-0 0-20 22-0) 
| #161732-1 | MI 86:0 83-0 74.0 
161732-3 M3 24:16 29:6 25:14 27:12 
tMi = ot 1 received January 195] 
( M3 t 3 received November 1954 
f-2 - 2 received November 19 
necessarily from the same clone 
' 
| 
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give a clear indication of the genetic constitution of the parents. The results 
as a whole are in accord with the view that resistance is a complex deter- 
mined by the combined effect of two different genetic systems, viz. 
hypersensitivity controlled by R genes and field resistance controlled by 
polygenes 


The remaining accessions all showed resistance, some of a high order, 
but all segregated to one or other of the five races in at least one of the 
tests. In one accession, 161179-3, only a small minority of seedlings was 
resistant, indicating the absence of R genes and the presence of moderate 
polygeni resistance The differences observed between corresponding 
seyregations 2¢ different centres or in different tests at ome centre may be 
attributed either to difference in origin of seed or to differences in 
environmental conditions affecting polygenic resistance during tests. 


The results from screening S. demissum accessions of the Common- 
wealth Potato Collection, contained in table 2, show that the following gave 
progenies in which all individuals were resistant to all races :— 20.1, 27.3, 
47, 1342.2, 1346.1, 1364.3, 2095.3, 2097.1, 2098.3, 2102.1, 2127, 2168 and 
2318. The reactions of some of the progenies, e.g. 20.1, to race 1.2.3.4 were 
typical of hypersensitivity, indicating that at least one new R gene in the 
homozygous state was involved. Other progenies, e.g. 1364.3, tested with 
the same race, consisted entirely of group 3 individuals, suggesting that 
no new RK genes were in operation but that field resistance was present in 
a high degree. A number of accessions produced progenies in which 
susceptible plants were so few in number that the parents must be regarded 
as valuable sources of resistance. They are 21.5, 42.3, 44b.2, 47.3, 1345.1, 
1352.4, 1363.1, 2095.2, 2098.1, 2102.2 and 2336. Only one clone, viz. 8.4, 
proved to be susceptible to all races and yielded only susceptible offspring. 
In some cases the genetic constitution of the parent, in terms of R genes, 
may be deduced from the ratios obtained, e.g. CPC 44b.1 appears as 
RR Ry while CPC 19.1.1 may be represented by 


Other Solanum species.—The results from screening Solanum species 
other than S. demissum for resistance to P. infestans are shown in table 3 
and in the latter part of table 2. A high degree of resistance was noted in 
some accessions of S. bulbocastanum, S. querreroense, S. oxycarpum, S. 
pinnatisectum, S. polyadenium, S. polytrichon, S. spectabile, S. stoloniferum 
and S. verrucosum. The more promising of these species, as indicated by 
the ratios obtained, were S. bulbocastanum, S. pinnatisectum, S. poly 
adenium, S. spectabile and S. stoloniferum. Only three accessions, vtz. 
161728 (S. polyadenium), CPC 2301 (S. pinnatisectum) and CPC 28.4 
(S. stoloniferum) showed a complete absence of susceptible individuals in 


these progenies. 


As in the case of S. demissum accessions, the ratios obtained from 
other Solanum species give no clear indication of the genetic constitution 
of the material. The evidence of the segregations, together with the wide 
range of reaction symptoms produced, points to the joint participation of 
two genetic systems controlling resistance similar to those operating in S 


demussum. 
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BLACK AND GALLEGLY RESISTANCE TO PILY POPHTILORA 


Results from screening Solanum demissum and other Solanum 
accessions of the Commonwealth Potato ( ollection Jor 
resistance to physiologic races of P infestans. 


Pest Center? 
and 
Seed Lot | 2, 134 234 


Segregation per Race (Resistant to Susceptible ) 


». denussum 
42:0 


J098 3 
2102.1 
2102 


2103 


af 
4 
+ 
+: 
+ 


»1 97 


168 


pinnatisectum 
90 
stolontferum 
50:0 
tuberosum 
Katahdin (selfed) 0:14 
11-79 (selied) E < 0:25 


test made in Edinburgh 
st made in Morgantown 


277 ia 
1234 
cee 12] | soo | 35:0 | 28:20 
1.3 24:0) 24:0 9:95 0:13 6:29 
M 20-0) 36-0 205 13:0 454) 
41.6 7:47 0:39 0.49 40:4 0:5] 
7.3 50) 46:14 20 37 23 :25 () 
7.5 45:14 4:12 32:28 18:30 
| M 0:26 0:21 ):21 0 12 0:25 
14.2 37-0 0:39 0:25 
19.1.1 20-0 14-0 0-9 0:19 
19.1.2 20-0 200 0:10 
20.1 k+M 26:0 21:0 27 310 
21.5 41-0 35:1 35:0 29:0 52:0 
27.3 k+M 57:0 36:0 47:0 40-0 52:0 
43.2 24:0 0:24 24:0 13:0 1:10 
Ml 70 4:0 4:0 18:0 21:0 
43.3 33:0 38 :] 33:0 34:0 62:0 
44a.2 24-0 240 2:22 12:0 8:16 
M 34:0 30-0 30-0 34-0 20:7 
44b.1 \ 15:0 0:15 14:0 21:0 0:6 
44b.2 | 49-0 45:4 390 32:0 45:2 
$7 | 44-0 390 440 33:0 44-0 
47.3 | 37 36:1 34:3 25:0 37 0 
1342.2 37:0 a 37:0 24:0 37:0 
1344.2 46:0 44:4 46:0 34:0 37 :9 
1345.1 39 :2 41:1 42:0 42:0 24:0 
1346.1 | 15:0 23:0 16:0 19-0 16:0 
1352.4 60-0 59:0 44:0 43:3 57:3 
1363.1 42-0 37:5 41:0 32:0 24:0 
1364.3 51:0 45:0 42-0 32:0 50:0 
2095.2 58 :2 52:0 55:0 42 48:0 
2095.3 45-0 41-0 41:0 31:0 49:0 
j 2097.1 I 51:0 41:0 440) 39 51:0 
2098.1 { 53:0 56:2 07-0 61-0 70:0 
41-0 42:0 51:0 51:0 
49 0) 45:3 61:0 39:0 47:4 
16:4 10:10 20:0 11:0) 20:0 
M 18:0 18:0 14:0 70 9) 
— 36-0 43-0 44-0 38:0 40-0) 
2318 kK+M 33:0 38-0 25-0 27 38-0 
2336 40-0 47:0 38-2 44-4 
19-0 9-0 
43-0 
} 
0) 0:25 0:17 
0:24 0:24 
+E 
| 
| fi 
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ABLE 3. —Kesults from screening lxited States Potato latreduction 
Station accessions of Solanui spectes for resistance to 
thysiologic races of P ifestans 


lest Center ‘ 
Segregation per Race (Resistant to Susceptuble ) 


Nef No and 
Seed Lot ] 24 34 234 12,34 
ulhocastanum 
| E24M2 +0) 4:1 6:0 2:2 15:5 
cardiophyllum 
184771 F2+-M2+ M3 0°30 1:29 1 :29 0:33 0:21 
186548.2 K2+-M2 4% 1:4 2:8 0:19 
chacoense ». gibberulosum, S. saltense) 
189215 M3 0:13 0:13 0:13 1:12 0:13 
189217 M3 7:11 0:17 10:7 0:18 
chrenbergu | 
184767.4 | (0:34 0:3] () :2% 0:17 
1865492 k24-M2 1:3] ():27 0:28 1:34 
Guerrercense 
*161730m | E24-M24+M3 26:26 24:35 23 338 55 :3 5:49 
kurtsianum (S. macolae) 
175434.1 k2+M2+ M3 0:70 0:75 13:62 ):77 ):58 
». oxycarpum (5. longiconicum) 
186567.1 $7 :20 57:24 63:14 50 :27 42:22 
pPinnatisectum 
184764m F2+M2+ M3 24:3 28 :1 25:2 29:1 38 
184774 M2+4+M3 6:4 8:2 5:4 20 :7 
1865 h24+-M24-M3 53:2 44:7 54:0 46:7 56:3 
186554.1 K24+M2+M3 17:1 44:1 44:0 45:0 53:2 
190115n K24+-M24+ M3 68:4 66:0 66:5 64:1 
polyadenium 
16172 M3 6:0 5:0 5:0 6:0 
175444n k2+-M2+-M3 39-1] 47:5 55:0 50:1 42:5 
lytrichon reale) 
186545n K2+M2 0:43 76:0 74:0 0:90 
186546.5 2+M24 M3 28 :53 39:38 62:8 17:60 47 
*180547n K24+M2+ M3 27 :35 42:15 49 :7 
». santolallae 
):52 ):52 0:51 0) :52 0:52 
». Spectahale 
161174.4 k24+-M2+M3 30:0 26:4 33:0 24:4 
161726-2 24-M3 47-11 48:10 49:9 6:52 40:34 
S. stolontferum 
». antipowesu, S. longipedicellatum,) 
malinchense, S. tlaxcalense.) 
160224-2 M1+M3 13:62 26:55 4:78 35:28 
*160225-3 k2+-M2 55:1 59-0 55:14 34:5 
M3 3:16 16:2 2:7 13:6 
160226-6 | K24M3 45-0) 43:2 18 :27 
161150-1 §2:4 12:4 9:2 20) -38 25 :24 
161152-1 M3 10 0:30 7:23 0:30 
161152-3 M3 14:12 4:22 25:1 1 :26 
161158-9 | MI4M3 22:19 36-27 0:5] 4:46 41-20 
161160-1 M3 0-100 70°30 33-4 0-96 
161170-7 M1l+M3 0:54 0-53 0-48 0-55 0-18 
*161172-9 F24+-M2+ M3 29 :18 37:12 §2:0 40:10 44:8 
1G1178-105 M3 ] 19-8 0:25 0:26 25:2 
161281-2 M3 34-0 13:21 0-32 10:24 
*161304-4 K2+M2+-M3 3°34 33-8 11-22 0-40 0:39 
161770-1 | F24M24M3 58:11 59-12 4:6] 22 92-9 \ 
95 164m K24+M2+4-M3 1:22 33:16 46-3 -47 42:16 
*195167m h24+-M2+4+ M3 60:18 56:27 78:7 48 :30 67 :34 
52:3 52:5 49:2 | 47:12 55:3 
M3 20:10 18:1] 14:15 3-25 1) -9 
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PITYTOPHTHORA 


RESISTANCI 


AND GALLEGLY 


TABLI (Continued ) 


+M2+4+M3 


*161128-2 | E24+-M3 35 


M1 0°53 0°55 
M2 O:13 0-10 2:11 
| 0:20 


(selfed ) 


Katahdi 


( selfed ) 


ee lest made in Edinburgh with seed lot 2 received November, 19 
Ml lest made in Morgantown with seed lot 1 received January, 195] 
M2 lest made in Morgantown with seed lot 2 received November, 1953 
M3 lest made in Morgantown with seed lot 3 received November 1954 


lots not necessarily from the same clone 


Disc USSION 


the work reported herein was undertaken when a race of P. infestans 
was found which would attack varieties possessing the four known genes 
Ry, Rs, Rs and Ry, controlling hypersensitivity. The main purpose of the 
tests were to determine, (a) if further Ro genes exist within the species S 
den issu, (b) if corresponding genes are present in other species, and (c) 
if field resistance plays a prominent roll in the protection of the various 
species against the disease. Although some confusing results were obtained, 
all the data are reported for the benefit of other workers who are interested 
nm the proble mn of resistance to late blight ol potato 

The results show that a number of S. demissum forms gave progenies 
mn Which all the individuals were resistant to all five races. Since certam 
progenies reacted to inoculation by forming necrotic spots typical of 
hypersensitivity, it as concluded that they carried at least one hitherto 


unidentified Ro gene in the homozygous condition. Other demissum 


accessions, gave progenies which segregated for resistance to race 1,2,3,4 
indicating that they carned an unidentified Ro gene in the heterozygous 
4 4 


state. The reactions of certain progenies of S. bulbocastanum, S. pinnati 


sectum, S. polyadentum and S. stoloniferum suggest that these species may 
also Possess Major genes corre sponding to the R genes in 5S demissum. It 


is not possible at this stage, however, to determine whether such genes in 
the ditferent species are identical 

Lhe reactions exhibited by many of the progenies showed that variou 
levels of field resistance were present im the different accessions. In some 


progenies, mdividual plants were observed to develop blight lesions which 


were typical when young but became abortive and ceased to spread after 
about five days. Aithough such a reaction was different from the hyper 
sensitive type, plants behaving in this manner were rated a resistant 
Lesions on other plants in the same progenies continued to spread until 


the plants were eventually killed. Some of the progenies exhibited a wide 


ft reactions, wherea others were remarkably uniform even at 


intermediate levels of resistance 
‘The term “held Tesi tance” 1s taken to all form) ol inherent 


resistance that plants may possess with the exception of hypersensitivity 
as contre lled I genes Field resistance must thie refore be regarded 
complex determined by morphological and physiological charactertsts 


201349m | 9:5 10:2 15:1 8:4 46:11 
11-79 
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ui the plant about which relatively little is known. It is clear, however. that 
many factors are involved, and, since field resistance 1s characterized in 
breeding experiments by continuous variation, its inheritance is attributed 
to the operation of a polygenic system. 


uch polygenic resistance, in greater or lesser degree was found to 
be present in most of the material examined, and appeared to be largely 
responsible for the deviations from standard Mendelian segregations in 
many of the ratios. If present in greater degree, polygenic resistance would 
tend to increase the proportion of resisters in progenies segregating for Rk 
genes and to introduce resistant segregates in progenies devoid of effective 
K yenes. The percentage of resisters in such progenies would consequently 


vary according to the level of polygenic resistance in the parent. In extreme 


cases, polygenic resistance alone may be high enough to produce only 
resistant offspring under standard test conditions. Thus it appears possible 
for the two different forms of resistance to mask each other and to render 
difficult their individual assessment without recourse to breeding experi 
ments 


The expression of polygenic resistance is substantially affected by 
differences in’ environmental conditions Variation in such factors as 
virulence of the pathogen, concentration of the inoculum, temperature, 
relative humidity, soil fertility and age of plant, may have a significant 
eHect upon the growth of the fungus and the reaction of the plant. Some 
of these factors have been found to influence the expression of polygenic 
resistance to tomato late blight (6). Thus, inconsistent segregation. ratios 
nm progemes ot similar origin must be « xpected to occur at different centres 
vhere environmental conditions are not identi al and different methods of 
culturing the pathogen are practiced, 


If the new R genes believed to be present in S. demissum and other 
speeres are meorporated in commercial potato varieties it is likely that new 
physiologic races of the blight pathogen will appear which are capable of 
parasitising them. Previous experience with plants containing one or more 
of the four genes now recognized has shown that new races pathogenic to 
them are likely to arise when such varieties go into commercial production, 
Race 7,2,3,4 which can cawse disease in plants having all four known genes 
nm combination has already appeared. Because of this, some potato breeders 
(4) have considered that the polygenic type of resistance, which appears 
to be effective in similar degree against all the present recognized 
physiologic races, will be more valuable in a long range programme to 
develop blight resistant potato varieties. It must be recognized, however, 
that if races develop which are pathogenic to R gene resistance, it is also 
possible that races highly pathogenic towards polygenic resistance may 
appear, although there is as vet little evidence that such is the case Further, 
it has yet to be proved that adequate polygenic resistance can readily be 
incorporated in acceptable commercial varieties. It is clear, however, that 
a measure of polygenic resistance is essential in any variety as a safeguard 
against the failure of the biotype-specific R genes. The ideal breeding 
programme should, therefore, envisage a combination of both forms of 
resistance im the highest degree that is attainable in top quality varieties. 
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BLACK AND GALLEGLY : RESISTANCE TO PHY POPHTHORA 


SUMMARY 


A large number of accessions of Solanum demisswm and othe 
Solanum species maintained in the Commonwealth Potato Collection in 
Great Britain and by the Potato Introduction Station in U S.A., were 
screened for resistance to potato races 12,3; 1.2.4: 1,34; 2,34 and 1234 
of Phytophthora infestans. The results indicate that one or more unidenti 
fied RK genes, different from the four now recognized, are present in the 
collection. In addition, very high levels of polygenic resistance were 
encountered making clear-cut’ genetic segregations difficult’ to obtain. 
Accessions in which all of the individuals were resistant to the above five 
races are as follows: S. demissum, PA. numbers 160221-3, 161149-2 
l61154m, 161175-2, 161175-4, 161176-2, 161179-1, 161179-5, 161181-7 
161725-1, 161729-1, 161732-1, and CPC numbers 20.1. 27.. . See 
1346.1, 1364.3, 2095.3, 2097.1, 2098.3, 2102.1, 2127, 2168 2318: § 
polydenium VPI 161728; S. pinnatisectum CPC 2301. foloniferun 
CPC 28.4. Other species with highly resistant accessions were S. bulbo 
castanum, S. guerreroense, S. oxycarpum, S. polyadenium, S. polytrichon 


tab and S Lhe ACCESSION thie latter 
ted for resistance. In S. demissum accessions PI 161179-3 and 
84. all or nearly all individuals were uscepuble to all races 
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PHI EFFECT OF REDTOP AND RED ¢ LOVER ON VIELDS OF 
FOLLOWING CROPS OF POTATOES! 


T. Opian ND J. Sneenan? 


The Rhode Island Agricultural experiment Station has been conduc ting 
experiments on the effect of « rops on certain succeeding CTOps Over a long 
period of years In these experiments it was found that some crops have 
a very deleterious effect on certain « rops that follow (1, 3, 4). Other « rops 
have the opposite effect. Onions following rutabagas produced a very poor 
crop but following rve they produced excellent vields. Another crop that 
h influenced by the preceding crop was mangels. When mangels 
were grown continuously on the same plots for a number of years the 
crops became poorer each succeeding year. Onions on the other hand did 
well in continuous culture. 


Wa 


Why certain crops affect following crops is not fully understood. In 
ome cases it appears to be the effect of the first crop on the soil organic 
matter. Differences in soil reaction following certain crops seem to be a 
partial answer. Different effects on the soil microflora are also involved. 
Rynasiewiez (5) found that differences in soil aggregation following 
different erops had a decided influence on onion  vields. Various plant 
diseases also have been more prevalent following certain crops. 

In these experiment potatoes have been included from time to time. 
Corn was found to be one of the least favorable crops to precede potatoes 
whereas redtop was the most favorable (2, 3). In order to obtain more 
information on the effect of redtop and red clover on following crops of 
potatoes an experiment was begun in 1951 using these two crops in 
comparison with continuous potato growing. The results of the first five 


years of the experiment will be reported in this paper. 


DESCRIPTION OF EXPERIMENT 


\ series of 36 cement frames each 1/1000 acre in are a was constructed 
in 1930 for use in the crop sequence studies (3). Various uniform crops 
were grown following certain other crops during the period from 1931 to 
1950. In 1951 the plans were revised so that a uniform crop of potatoes 
would follow two years of redtop or red clover. Potatoes were grown 
continuously on one set of frames for comparison, There were three 
replicates of each treatment and all crops were grown every year. 

Phere were two series of redtop frames. On series 1, redtop had been 


grown two vears out of each three since 1933. In redtop series 2, redtop 


heen yrown two vears out of every three since 195] he soil in SCTICS 


Is at present m much better physical condition for growing potatoes than 
oil in series 2. The soil is higher in organic matter and has a more 
open structure, On the red clover series this crop had been grown two 
vears out of each three since 1951, Potatoes had been grown continuoush 


on another series of frames since 195] 
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(oreen Mountain potatoes were used t roughout thre expernnent 


ltop and cloves crops were harvestec 


4 
! ane removed vo cover crop wa 


| 
lollowing the potato harvest. The potato fertilizer consisted of one 
ton per acre of a lO 10 LO grace redtop received OOO per acre 


of the same grade and red clover 600 pounds per acre of a 5-10-10 grade 


The soil was a Bridgehampton silt loam with a pil ol approxin ately 5.4 


RESULTS 


Phe vields obtained during the period 1951-56 are presented in table 1 


The average yields of U.S. No. 1 potatoes varied from 478 bushel 


per acre when potatoes were grown continuously to 580 bushels following 


redtop series ] Redtop had been grown two years out of each three sine 
| 1933 on thi SCTICS Following redtop series 2, begun m 195], the ave rave 
eld of potato. Was bushels per acre the red clover er also 
hegun in 1951, the average vield was 342 bushel Phe redtop and red 


clover were about equal WW producing favorable condition flora following 


crop Of potatoes over this shorter period ‘The potato vie lds an the eri 


i redtop reflects the more favorable soil conditions that had been produced 


hy the longer riod of redtop the rotation 


The yields of Gre Mountain potatos following crops of re dtop 
and red clover at the Aq cultural Exper rent 


Station 1952-]95¢ 


hushels per Acre U.S. 1 Potaten 
Preceding Crop Year of \verage 


Sequence 


Redtop 193 

Redtop, serie 195] 333 497 5S)? 620 
Red clover 195] 459 513 174 672 9 $2 
Continuous Potatoes 195] I) 435 354 674 


4 
\ 


LSD 


at .05 


Specie gravity tests of the potator howed a liglitly higher ary 


latter content in the potatoes grown in the longer established redtop 


seri 

Soil analyses showed 12 per cent more organic matter im the series 
| redtop frames than in the frames with continuou portato In the serie 
2 redtop and in the red clover frames the increase wa 5 per cent on organi 
matter, In soil aggregates the serie redtop showed 38 per ccent, 
continuous potatoes 15 per cent and the others were intermediate 


Phe results of this expernmnent how the detinite beneficial effect that 


redtop has ona following Crop of potatoes In this case the increase in soil 


organic matter produced by the redtop is a factor. The root residues left 


by the redtop have gradually changed the plivsical structure of the soil 


until itis much more favorable for potatoes than where potatoes are grown 


continuous! The percentage water stable soil aggregate Was greath 


*Unpublished data supplied by the Department of Agricultural Chemistry 
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mereased following redtop. When a soil is well aggregated it provides a 
better medium for plant growth than where the soil lacks aggregation. 
‘This directly influences the yields. 

The buildup in organic matter and in water stable soil aggregates was 
about equal for redtop and red clover over the five year period in which 
these two crops were compared. 


SUMMARY 


Green Mountam potatoes were grown following redtop and red clover 
in comparison with potatoes grown continuously. Small field plots enclosed 
by cement frames were used. The sod crops were grown for two years 
followed by one year of potatoes. Two series of redtop were included. In 
one series redtop had been grown in a rotation since 1933 and in the other 
since 1951, The red clover series was begun in 1951 and also the continuous 
potato series. Following redtop in the older established series, potato vields 


were mereased by LOO bushels per acre over those of potatoes in continuous 

culture. Red clover and redtop in the more recently established series 

brought about increases of approximately 50 bushels per acre over 


continuous culture, The redtop and red clover increased the soil organic 
matter and the percentage of water stable soil aggregates. The potatoes 
following redtop in the longer established series had a higher specific 
gravity than did those from: continuous potatoes and the more recently 
established series. Redtop and red clover were about equally effective in 
producing favorable soil conditions for a following crop of potatoes 
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EFFECTS OF FERTILIZERS AND RESTRICTED AERATION 
ON THE SUBTERRANEAN MORPHOLOGY OF 
THE POTATO PLANT! 


H. W. GausmMANn anno R. A. Srrucuts MEYER? 


INTRODUCTION 


I:ffects of restricted aeration in altering root morphology caused by 
waterlogging of a soil or to simulated « onditions of restricted aeration 
have been noted by many investigators (1). Cortical cells of roots have 
been reported to be enlarged with a corresponding increase in- root 
j ee A change in locale of primary cell differentiation has been noted 
also, 


This paper reports a morphological response which is apparently 
indicative of an interacting effect of aeration and available nutrients on the 
underground portion of the potato plant. 


GENERAL MATERIALS AND Metiops 


Replicated experiments using pot culture were conducted during 1955, 


1956, and 1957 with a virgin Caribou loam soil in which aeration was 
restricted by limiting surface exchange to the extent that. the average 


carbon d 


ioxide content in root zones was approximately 4 per cent as 


compared with the controls which had an average carbon dioxide content 
of 1 per cent. (3,4) Fertilizer treatments consisted of various ratios 
Nitrogen was applied at a constant rate of 300 pp?m for the three years 
whereas PLO; and KsO were applied at rates of 0 pp*m, 250 pp*m and 
400 pp*m. Gypsum moisture blocks were used to mamtamn sol moisture 


above 50 per cent of field « apacitv. The Kennebee variety of potato was 


] 


RESUL 


The objective of the experiment Was to mvestigate the possible 


nittigation effects of phosphorus and potassium on plant growth when 


acration was restricted. During harvesting for each of three trials. it wa 
noted that the fertilizer ratios with high Pu and low K.O, namely 300 
400-0, in combination with restricted aeration caused an alteration of root 


1 


This response resembled severe nematode damage or effects of 
hormonal type chemicals. Rhizomes were present mn abundant numbers 
and tended to be knotty and bulbous. A portion of the underground stem 
was greatly enlarged with the presence of callous tissue. The seale-like 


1 Accepted for publication April 17, 1957 
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leaves on the rhizomes had considerable development, and on some 
rhizomes they superceded radial enlargement of the tip. Pronounced lenticel 


development was also present. 

Future plans include a histological investigation of samples from the 
malformed underground portions. Morphological characteristics noted 
however, seemed worth-while reporting since the implied interaction of 
fertilizers and aeration as it affects cell differentiation may have important 
mupheations in other fields of research endeavor. 
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JAGNOSIS OF IMMUNITY FROM VIRUS X 


ENCE OF DAYLENGTH AND TEMPERATURE ON 
DIAGNOSIS OF IMMUNITY FROM VIRUS X 
IN POTATO! 


Weep ann S. Scuenrz 


R. E 


and virus-X-intected potato scions were grafted on resistant stocks: aerial 


1936 Raleigh (2) reported an abnormal reaction when virus-\ 


tubers formed in the leaf axils of the scions. In contrast when virus infected 


ons were grafted on susceptible stocks or when virus-free scions were 


ratted on resistant stocks, no aerial tubers developed. Raleigh suggested 


hat gvratiting tected sctons on stocks of potato se lections nought be of 


value in studying their resistance to certain viruse This technique has 


become standard procedure for the final evaluation of potato selections for 
{ trom virus (latent mosaic ) 
Potato seedlings selected for horticultural qualities under field con 


ditions are screened for resistance to certain disease during the wanter 


at Beltsville, Maryland, and during the spring and summer at Pre que Isle, 
Maine. Because of the large quantity of material to be tested, the evaluation 
of selections for resistance to virus X, A, and Y and similar tests are 


conducted at both locations. Our experience has shown that when X 


Infected scions were grafted on immune stocks. aerial tubers developed 
more frequently under the shorter days at Beltsville than under the longet 
days at Presque Isle, In some vears at Pre sque Isle, particularly when the 


teniperatures were abnormally lugh early im the such 


yratts did not produce aerial tubers. Under those conditions a large number 
ot scrons wilted and the stocks rapidly deteriorated within a few days after 


the graft union was considered complete, Some scions developed enlarged 


nodes and axillary shoots 

The differences in reaction of X-infeeted scions on immune stocks at 
seltsville and Presque Isle indicated that environment could seriously 
affect the dependability of this technique im diagnosing the immunity of 
potato selections from virus X. Tests were therefore conducted undet 


controlled greenhouse conditions at Beltsville to determine the effects of 


daylength and temperature on aerial-tuber formation by X-infected seions 


on mmmune stocks and by reciprocal grafts. The relation of 3 strains of 


virus \ to aerial-tuber formation on infected scions was also inve stigated 


\ brief preliminary report on part of the work has been presented (3) 


\IATERIALS AND Metitop 


Seedpieces of Green Mountain potato infected with a common strain 


of virus \ and of seedling 41956 (X-immune) were planted together in 


hills either directly in the bench o1 in O-inch pots The hills were 6 inches 


apart im row paced 7 imeches apart Wooden frames were constructed 


over part of the planting and covered with 2 thicknesses of heavy black 
cloth to control the length Of exposure ot plant tt davlight lo extend 


planting, 


the photoperiod beyond normal daylength in another part of t 
a 100-watt Mazda lamp was suspended 3 feet above the plant 
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One group of 3 plants received 8 hours of daylight and 16 hours of 
darkness daily, a second group 12 hours each of light and darkness. and 
a third group supplemental Mazda light to total 16 hours of light and 8 
hours of darkness. The daily dark period was unbroken. The greenhouse 
was kept at 70° F. during the day and at 65° F. at night. A fourth group 
of 32 plants in another house kept at 75° F. during the day and 70° F, at 
night was given 12 hours of daylight each day. 

When the plants were 4 to 5 inches tail. half the Green Mountain 
plants in each treatment were approach-grafted as scions to stocks of 
% 41956 and the other half were grafted as reciprocals. About 12 to 14 
days after grafting the plants used as scions were severed just below the 
grafts and the stems and foliage of the stocks were removed just above 
the graft. Plants in these and subsequent tests were observed during a 
}W-day period 

\ second and similar test was conducted under 8-, 12- and 16-hour 
daylengths at 70° F, (day) and 65° F. (night); Green Mountain only 
Was used as the scions. Similar grafts held under an 8-hour day were used 
in studying the influence of scions infected with each of 3 virus X strains 
on aerial tuber formation. 

Because of the results obtained by Raleigh (2) and Hooker et al. 
(1), grafting of virus-X-infected se tons on virus-X-free or infected stocks 
Was considered unnecessary in these tests. 


I.XPERIMENTAL RESULTS 


Virus-X-infected Green Mountain S; ions on S 41956 Stocks. 

65° to 70°F. Under &-hour days aerial-tuber development 
(Figures 1C and 2) was first noted on 4 X-infected Green Mountain 
sclons 22 days after grafting. At 27 days 15 of 16 scions showed aerial 
tuber formation. One plant had wilted and died (Table 1 ). Under 12-hour 
days aerial tubers formed on 2 « tons of Green Mountain, and 6 scions 
showed enlargement of the nodes after 27 days (Table 1). Twelve plants 
of this group showed some wilting. Under 16-hour days, slight enlargement 
of nodes and axillary shoot growth (Figure 1B) were observed about 25 
days after grafting. Axillary shoot development and subsequent wilting of 
the scions were very slow under the l6-hour day. Only 4 scions in this 
group showed signs of wilting when the test was ternunated 40 days after 
plants were grafted. All the Green Mountain scions under the 8-and 12- 
hour days were wilting at the end of the test. A second test gave essentially 
the same results 

Kight scions each of Green Mountain infected with a weak, a common, 
and a virulent strain of virus X were grafted to stocks of S 41956 and 
kept under an 8-hour day at 65° F. at night and 70° F. during the day. 
Twenty-five days afte grafting, aerial tubers or enlarged nodes were 
present on 7 of the scions infected with the weak strain, 7 of those infected 
with the common strain, and 6 of these infected with the virulent strain 
When the scions were severed from the parent stocks, 4 plants wilted 
rapidly and died apparently because the graft union was not complete. 
Thus, the technique was equally dependable in diagnosing the effects of 
all 3 strains of virus tested when the temperature and daylength were 
suitably controlled, 
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Paste 1.—Prevalence of aerial tubers, enlarged nodes, and axillary shoots 
on various scion-stock combinations held for 40 days after grafting 
under various temperature-daylength conditions. 


Plants 


With 
Enlarged 
Day With Nodes or 
Length \erial \sillary 
Total Tubers Shoots 


Temperature Range and 
Scion-stock Combination! 


Hours Number Number Number 
45 40° J 
Green Mountain on S 41956 8 6 
lo 
lo 
S 41956 on Green Mountain 8 lo 
16 
70°—75° J 
Green Mountain? on S 41956 lt 
S 41956 on Green Mountain lt 


TAI S 41956 scions made excellent growth regardless of temperature and daylength 
“Enlarged n 

Axillary shoots 

MAIL scions wilted and died within 8 days after the Green Mountain scions 

below the graft 


X-infected sci Green Mountain potato 
S-hour dayl 


2-hour daylengtl 


( neth 
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! 16-hour da 65° to 70° I 
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\erial tubers induced by gratting a virus-X-infected potato scion (Green 


Mountain) on a virus-X-immune potato stock (S 41950) 
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At 70° to 7§° J When Green Mountain scions were vratted to 
stocks of S 41956 and kept under a 12-hour day at 70° to 75° F.. no ac rial 
tubers or nodal enlargement developed, The scions were wilting 3 to 4 
days after they were severed from their parent plants. The rootstocks of 
5 41956 deteriorated rapidly and all plants were dead about & days lates 


(Figure 1A) 


41956 Scions on lirus-NX imfected Stocks Ot Green Mountain 


No aerial tubers, enlargement of nodes, or axillary shoots developed 
on scions of 541956. All plants made vigorous growth and appeared 
healthy throughout the test. A close examination revealed that approxi 
mately 10 per cent of the scions at the lowe1 temperature had minute 


necrouce spots similar to those shown in figure 3 on apical leaves of Saco 
variety. \pparently daylength did not influence the incidence of this 
reaction. Virus X from the affected leaves or plants covld not be detected 
by inoculation of Datura stromonium L. 


3.—Leaves of variety Saco showing pin-point necrotic lesion nduced b 
gratting a scion to a virus-X-infected plant of Green Mountain potat 


Diset SSION 
In tl 
nore piants at each potato lection which hia ancestral history ] 


Is routine sereening program for mamunity from virus NX. 2 oy 


or more parents that were immune from virus X are inoculated by the 
rubbing technique with a virulent strain of virus X. In 4 to 7 days, local 
lesions usually appear on susceptible selections and a systemic mottle and 
foliar necrosis follow. Selections not infected by mechan 

a final evaluation for immunity from virus X by 
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Scions of Green Mountain potato are grafted on stocks of selections 
net mftected in this initial screening test for immunity from virus X. This 
variety 1s used because it is universally infected with this virus, and some 
plants of the ney varieties such as Katahdin may not be. Raleigh (2) 
indicated good aerial-tuber formation on X-infected scions of all varieties 
in his graft tests, and Hooker et al. (1) obtained similar results with the 
Irish Cobbler variety. 

Virus X-infected scions of some varieties, when grafted on immune 
stocks, may not form aerial tubers as readily as Green Mountain under 
an &-hour day. Green Mountain is considered a late variety; that is, it 
continues to grow under the short days in the fall Karly varieties, such as 
Irish Cobbler and Red Warba, set tubers and mature while the davs are 
till relatively long. The last two varieties might be of value to investigators 
Who must employ the graft technique in diagnosing immunity from virus 
\ under long-day conditions 


SUMMARY 


Virus X-infeeted seions of Green Mountain grafted to stocks of 
Y 41956 (virus-X-immune) when held under an 8-hour day at 65° to 
70°F. formed aerial tubers more consistently than when held under 12- 
and 16-hour daylengths at this temperature range Similarly grafted plants 
held at 70° to 75° F. under a 12-hou daylength wilted rapidly and died. 
\erial tubers did not form and wilting did not occur when scions of 
S 41956 were grafted to stocks of Green Mountain and subjected to the 
conditions deseribed. Under an 8-hour day and at the lower temperatures, 
the strain of virus X which Green Mountain scions were carrying when 
gratted to mmune stocks, had no effect on formation of the aerial tubers. 
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WHEELER: WHITE POTATOES IN JAPAN 


NEWS AND REVIEWS 


WHITE POTATOES IN JAPAN! 
J. 


White potatoes are one of the five principal crops of Japan. The erop 
In Japan generally has increased since 1930 \pproximately one-third of 
the total production is on the northern island of Hokkaido, Hokkaido is 
approximately the size of the state of South Carolina. The annual produc 
tion of approximately thirty-five million bushels or twenty-one million 
hundred weight places Hokkaido with a crop grown comparable to Maine 
or Idaho. Japan leads all other oriental countries in the production of white 
potatoes 

White potatoes are grown throughout Japan. The crops are divided 
into three distinet periods of seasonal production. The early spring crop 
produced on Honshu from the Kanto Plain (Tokyo area) south and west, 
on Kynechu and on Shikoku is planted in February and harvested from 
May to July. This corresponds to the U.S. crop in Alabama, Northern 
Florida and the Carolinas. The late summet crop of Hokkaido and in the 
upland plateau regions of Honshu is planted in April or May and harvested 
during the first 10 days of December 


EcoLocicar Factor 
l. Climate 


For the production of white potatoes the climate of Japan compares 
favorably with the better potato-growing regions of the United States. 
The mild winter and the early spring provide excellent growing conditions 
for the spring crop. The climate of Hokkaido and northern Hon huis 
similar to that in the northern United State The high plateau regions 
mn many areas are ideal for potato production becau e of a cool climate 
comparable to that in Hokkaido. The range between maximum and 
minimum temperatures is less in Japan than most potato growing region 
of the United States. The seasonal rainfall j heavier in Japan and occur 
at times when it is needed foy optimum growth of the crop. The relative 
humidity is high, and hot dry winds that cause exes Ive evaporation are 
rare. 

Soils 

Because of the loose nature of most soils In Japan, some potatoes are 
produced in every section of the country. particularly during the cool 
seasons. The abundant Ando, or dark colored voleani ash, soils are widely 
used for potatoes. The more productive Podzolic soil produce higher 
yields of potatoes than do the Ando soils. The Podzolic soils of Japan 
resemble those adapted to potato production in the United States. Potatoe 
are grown on alluvial soil only as a late winter or earl spring crop on 
rice paddies or other land used for two crops yearly 


1Accepted for publication July 22, 1957 
“Associate Professor (Research), Mic higan State Unis 
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3. General Geographic Distribution 

The climate of Japan affects the geographic distribution of the potato 
crop more than any other factor. Potatoes are grown throughout the 
islands during the cool moist season However, the production of seed 
potatoes is limited to the areas of the lowest insect population (Figure 1). 
Potatoes for food are produced in close proximity to the centers of con 
umption, Potatoes for industrial purposes are grown where high yields 
are obtained but where population is not concentrated. Such a program 
reduces the necessity for long freight hauls over the limited transportation 
facilities 


VARIETIES 


In 1948 about 87 per cent of the potatoes produced in Japan were 
the early trish Cobbler and the late “Benimaru”’. Other varieties grown 
include Norin No.s 1, 2, and 3, Kentoki. Kaneyoimo, and Early Rose. 

The Irish Cobbler was introduced into Japan in 1907, 


Crop CULTURE 


Crop rotations in Japan are comparable to crop sequence in the United 
States. Legumes are used only in a few sections, Crop residue and trans 
ported compost are the chief sources of organic matter, The legume most 
commonly grown is red clover. Farmers who generally obtain high yields 
Of potatoes follow a program that includes its use. 

\Il types of seedbed preparation can be observed in Japan at potato 
planting time. Much of the soil in southern and western Japan is prepared 
by hand spading where farms average from one and a half to two and a 
half acres in size. More horse power is used in seed bed preparation on the 
Island of Hokkaido where farms average from 12 to 25 acres of good land 
plus a few acres of pasture. Much of the soil is tilled to a depth of only 
three to five inches. Ridging of the hills is a common practice in areas of 
high rainfall 


lkither whole or cut seed pieces are dropped in furrows or holes made 
hy a hoe and covered by hand. The rate of planting is from 20-25 bushels 
per acre, The stands generally are so complete that the inspectors of 
certihed seed take a stand count to determine the per cent of diseased 
hills rogued from certified seed fields. Growers of certified seed potatoes 
post a sign im their field giving a complete history of the seed field. 


Potatoes are dug by hand with the aid of a potato hook (Figure 2). 


The loose voleanic soils, free of stones. make digging easier than do most 
soils i United States. Lack of storage is compensated for by piling 
the potatoes in the field and then covering them with straw mats ( Figure 
3). The potatoes are sorted and marketed. The eating and starch potatoes 
are shipped loose in open freight cars. Figure 4 shows seed potatoes sacked 
in rice straw bags —each bag containing aproximately 125 pounds. Govern 
nent and cooperative storages are provided for storing the seed potatoes 
to be planted the following vear. The seed potatoes are transported from 
Hokkaido by ship to southern ports and then distributed to the farmers 
(ine peck of certified seed potatoes usually meets the need for the average 
tarm, the balance of this seed is often locally grown 
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WHEELER: WHITE POTATOES IN JAPAN 


Ficurt Potato seed production of Irish Cobbler and EF: 
near Hiroshima, Japan 


Ficure 2.—(Left) Potato digging in Japan is accomplished by the 
bictrk 3.—(Kight) Seed potatoes in Hokkaido are often stored in piles and covered 
with straw mats to protect them from freezing 


INSECTS AND DISEASES 


Many potato diseases are prevalent in Japan, but the viru Ca 


are by far the most persistent and destructive to the potato crop annually 


\Ithough it does not reach an epidenne stage each year, late blight 1 
extremely destructive when optimum conditions prevail for its development 
and spread. Early blight frequently is also destructive 

The principal seed and soil-borne diseases in Japan are rhizoctonia, 
fusarium wilt, and southern blight. Common scab is of very minor 
Importance primarily because most soils utilized for potato production have 
a slight to high acid reaction 

‘The imsects most destructive to the potato crop mm Japan are the lady 


bird beetles (28 spotted) and plant lice (aphids) (Figure 5). The ladybird 
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Picture 4.—(Left) Seed potatoes graded and packaged in rice straw bags loaded on 
carts tor delivery to the railroad station. 

Ficure 5.—(Right) Twenty eight spotted Ladybird beetle is the most destructive 

Insect on potatoes in Japan. left, Ladybird beetle larva: middle, adult; right, pupa, 
and foliage injury on the potato plant. 


beetle resembles the Mexican bean beetle in the United States. It causes 
severe defoliation of the plant. 

The two most troublesome virus diseases are mosaic and leafroll. 
Leafroll giving the greatest loss to the Irish Cobbler variety, and mosaic 
on the Benimaru variety, 

In the past Bordeaux mixture and calcium arsenate have been the 
principal chemicals used for disease and insect control. Many of the 
developed chemicals have now been introduced into Japan. 

Ring rot or bacterial wilt. had been observed as an unknown disease 
until 1948. Since then it has been a very destructive disease. The Japanese 
government through foundation seed farms is attempting successful 
control measures, 


PoraTo RESEARCH At AGRICULTURAL EXPERIMENT STATIONS 


The wide distribution of potato culture in Japan has resulted in the 
establishment of potato research programs with other field crops at about 
100 agricultural experiment stations. In 1946 seven foundation seed potato 
farms were established. The Central Foundation Seed Farm is responsible 
for carrying on much of the fundamental work in foundation potato seed 
production. Most of the seed from the Central Farm is sent to the other 


foundation seed farms for increase. The seed on these farms is produced 
with special care, utilizing the tuber index and tuber unit methods of virus 
disease control, 
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Porato UTILIZATION 


Potatoes are used for eating, starch, and the production of aleohol 
Processing of potatoes for food is limited. Potato chip manufacturing 1s 
developing slowly. The potato ts the newest mayor crop to be introduced 
into Japan. It is being adapted into their mtensive agricultural program. 
it promises to become a more important food crop in the future when the 
mountain slopes and cooler region land developments are completed, 


Fd. Note: Prof. Wheeler was employed in 1948 1949 as a Scientific Con 
sultant to the Japanese Government by the Agricultural Division of the 
Natural Resources Section of GHG in the U.S. Army. In 1954 Prof 
Wheeler again visited Japan traveling extensively im the mayor potato 
producing areas. 


WANTED 


We are in need of certain volumes of the American Potato Journal. 
If you are not using your old Journals why not sell them? We will pay 
the prices noted below for the issues listed. Look through your Journals 
and send any of the desired copies to John C. Campbell, Treasurer, Potato 
Association of America, New Brunswick, N. J. Prompt payment will 
follow. 
Volume 1, Nos. 1 and 2 @ 50¢; others (a 75¢. Complete volume $9.00. 
Volume 2, No. 6 @ 50¢; others @ 75¢. Complete volume $9.00 
Volume 3, All Nos. @ 75¢; Complete volume $9.00. 
Volume 4, All Nos. @ 75¢. Complete volume $9.00. 
Volume 5, All Nos. @ 75¢. Complete volume $9.00. 
Volume 6. Nos. 4,6 and 10 @ 75¢; others @ 50¢. Complete volume $7.00. 
Volume 7, All Nos. @ 75¢; Complete volume $9.00. 
Volume Nos. 1,3, 8, 9 and 11 @ 50¢: others 75¢; complete $8.00. 
Volume 9, No. 2 @ 75¢; Complete volume $4.00 
Volume Nos. 1, 4, 8, 12 @ 75¢; Complete volume $$4.00. 
Volume No. 4 @ $1.00; Complete volume $3.00. 
Volume No. 2 @ $1.00; Complete volume $3.00. 
Volume 13, No. 1 @ 50¢; Complete volume $3.00. 
Volume No. 1 @ $1.00. Complete volume $3.00. 
Volume No. 3 @ $1.00. Complete volume $$3.00. 
Volume No. 2 @ $1.00¢ Complete volume $3.00. 
Volume 23, Nos. 1 and 3 @ $1.00; Complete volume $4.00 
Volume No. 2 @ $1.00; Complete volume $4.00 
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PROGRAM OF THE 4Iist ANNUAL MEETING OF 
THE POTATO ASSOCIATION OF AMERICA 


December 2, 3, 4, 1957 


United States Department of Agriculture 
Beltsville, Maryland 


Monday Morning, December 2, 1957 
Auditorium, 9:30 a.m. 


R. W. HOUGAS, President, Presiding 


Welcome to the Potato Association of America. Mo Wo PARKER, Director, 
Agricultural Research Service, United States Department of Agriculture, Belts 
ville Marviland 


Committee Reports. 


Monday Afternoon, December 2, 1957 
Auditorium, p.m. 


R. H. LARSON, Presiding 


Potato Diseases 
Experiments on the use of pentachloronitrobenzene (PCNB) as a control for 
potato scab and Rhizoctonia. (15 minutes) LAWRENCE A. SCHAAL and 
CLARK LIVINGSTON, A.RS., Colorado State University, Fort 
Collins, Colorado 


Potato Scab control on organic soils: 1. Initial and residual response to PCNB. 
(15 minutes) H. fT. ERICKSON, Purdue University, West Lafayette, Indiana 
The relationship of peroxidase activity in potato leaves and resistance to Phy- 
tophthora infestans. (IMlustrated 2 x 2, 15 minutes) VILHELM UMAERUS, 
lowa State College, Ames, lowa 

Progress in the development of ring rot resistant potato varieties. (Ilustrated 
2% 2, 15 minutes) REINER BONDE, ROBERT AKELEY, and DONALD MER 
RIAM, University of Maine, and A.RS., U.S.D.A., Orono, Maine 
Compatibility types in Phytophthora infestans. (Mlustrated 2 x 2, 15 minutes) 
J. GALINDO and M. bk. GALLEGLY, Rockefeller Foundation and West Virginia 
University, Morgantown, West Virginia 

Verticillium wilt of potato. (Illustrated 2 x 2, 15 minutes) D. B. ROBINSON, 
R. H. LARSON, and J. WALKER, University of Wisconsin, and A.RS., 
(SDA. Madison, Wisconsin 

Immunity to potato virus Y. (Illustrated 2 x 2, 15 minutes) G. D. EASTON, 
R. H. LARSON, and R. W. HOUGAS, University of Wisconsin, Madison, Wis 
consin 

Transmission and physical properties of a virus isolated from corky ringspot 
affected potatoes. (Illustrated 2 x 2, 15 minutes) R. FE. WEBB and FE. 8. SCHULTZ, 
ARS, USDA. Beltsville, Maryland 

Evaluating potato selections for resistance to potato virus A. (Illustrated 2 x 2, 
15 minutes) WEBB and F. 8. SCHULTZ, A.R.S., U.S.D.A., Beltsville, Mary 
land 


Time of symptom response in Datura stramonium var. tatula to virus X as a 
function of virus concentration. (Ilustrated 2 x 2, 10 minutes) W. J. HOOKER 
and A. P. BENSON, Michigan State University, Fast Lansing, Michigan 
Recovery of virus X from “immune” potato varieties (solanum tuberosum L.) 
(Illustrated 2 x 2, 15 minutes) A. P. BENSON and W. J. HOOKER, Michigan 
State University, Fast Lansing, Michigan 
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The effect of Thimet on the incidence of virus Y and purple top wilt in Red 
Pontiac potatoes. (Illustrated 2 x 2, 15 minutes) WILLIAM G. HOYMAN, ARS. 
USDA. Farge, North Dakota 

Suberin and periderm formation and decay of potato slices as aflected by length 
of tuber storage. (Illustrated 2 x 2, 10 minutes) W. Lo SMITH, JR. AMS. 
Beltsville, Maryland 

Effect of storage temperatures on phenolic content of potato tubers. (Ilustrated 
2x 2, 15 minutes) ©. C. CRAFT, H. W. SIFGELMAN, and W. L. BUTLER, 
AMS... US.DLA., Beltsville, Maryland 


Tuesday Morning, December 3, 1957 
Auditorium, 9:00 a.m. 
N. R. THOMPSON, Presiding 


Potato Breeding and 
Quality Control 

A squash method for pollen tubes in Solanum styles. (Hlustrated 2 2, 10 
minutes) L. A. DIONNE and P. B. SPICER, Dominion Entomological Laboratory, 
Fredericton, New Brunswick, Canada 
A survey of methods for overcoming cross incompatibility between certain 
“series” of the genus Solanum. (Ilustrated 2 x 2, 15 minutes) 1. A. DIONNE 
and SPICER, Dominion Entomological Laboratory, Frederictor New 
Brunswick, Canada 
Induced haploids in Solanum tuberosum, (Mlustrated 2 x 
HOULGAS, So J. PELOOUIN and R. W. ROSS, ARS. I 
of Wisconsin, Madison, Wisconsin 
The potential of haploid potatoes for research and breeding. (Hlustrated 2 
x 2, 12 minutes) R. W. HOUGAS, So J. PELOOUIN, and RoW. ROSS, ARS 
(SDA. and University of Wisconsin, Madison, Wisconsin 


2, 15 minutes), KO W 
SDAA. and niversity 


Effect of gamma-ray irradiation of potato pollen on seed production, (Ihustrated 
2x 2, 15 minutes) G. RIE MAN, University of Wisconsin, Madison, Wis 

A nondestructive technique for detecting internal discoloration in’ potatoes. (Il 
lustrated 2 x 2, 12 minutes) GERALD S BIRTH and KARE Th NORRIS 
4.M.S., U.S.D.A delisville, Maryland 

Pemperaure growth relations: TIL. Influence of maturation temperature on 
chipping quality of potatoes (Iustrated 2 2, 15 minutes) No Ro LHOMPSON 
and PD. Ro ISLEIB, Michigan State University, Rast Lansing, Michigan 

Potato Quality: \. Post harvest treatments to prevent after cooking darkening. 
(IMMustrated 2 x 2, 15 minutes) OR A National Potato Chip Tnstitute 
Ithaca. New York 

Potato Quality: XI. Preventing the browning reaction in potato chips. (illus. 
trated 2 x 2, 10 minutes) ORA SMITH, National Potato Chip Institute, Ithaca 
New York 

Potato Quality: NIE. Improving skin color of white potatoes. (Hlustrated 2 x 2, 
> minutes) ORA SMIELH, National Potato Chip Tnstitute, Ithaca, New York 


Studies of color and decay in conditioning of potatoes for potato chips. (I 
lustrated 2 x 2, 15 minutes) To MIYAMOTO, bo WHEELER, and 
DENTER, Michigan State Universit bast Lansing, Michigan 

Density of potato starch. (15 minutes) Ro ISLETB, Michigan State Cniversity 
bast Lansing, Michigan 


Effects of process variables in potato granule production. (15 minutes) WoO 
HARRINGTON, ROL. OLSON, Wo Jo WESTON, and MARY BELOTS 
A.R.8., U.S.D.A Albans California 

Shelf life of consumerpackaged pre-pecled potatoes stored various tem 
peratures. (Illustrated 2 x 2, 10 minutes) Ro ANDERSON, AMS, SDA 
deltisville, Marviand 

Consumer acceptance ef fancy grade potatoes. (15 minutes) 
PERRY, University of Maine, Orono, Maine 
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Tuesday Afternoon, December 3, 1957 
Auditorium, 1:30 p.m. 
R. W. HOUGAS, President, Presiding 


Business Meeting 
and 
Greenhouse Tour 


Tuesday Evening, December 3, 1957 
Cafeteria — Plant Industry Station, 6:10 p.m. 


RECOGNITION BANQUET 
Presentation of 1957 Honorary Life Memberships 


Wednesday Morning, December 4, 1957 
Auditorium, 9:00 a.m. 


J. M. LUTZ, Presiding 


Symposium 
on 
Quality Maintenance of Potatoes 


New methods in filling deep bins to reduce bruising. (20 minutes) JOHN 
HANSEN, A.MS., U.S.D.A., East Grand Forks, Minn. (Paper to be presented by 
Mr. Edgar). 

Problems in the use of sprout inhibitors in potato processing. (20 minutes) 
HENDEL, L. JANET FORRESTER, FE. F. POTTER, and W. O. HAR- 
RINGTON, USDA. Albany, California, (Paper to be presented by 
Fred Harrington) 

Vaporizing sprout inhibitors for intermediate crop potatoes. (20 minutes) R. L. 
SAWYER, Cornell University, Riverhead, New York. 

Flume systems for handling bulk-stored potatoes. (20 minutes) 4. D. EDGAR, 
A.MS., Fast Grand Forks, Minn. 

Protection of potatoes in transit. (30 minutes) W. H. REDDIT, AMS. USDA, 
Beltsville, Maryland. 

Potato diseases on the market. (30 minutes) G. Bo RAMSEY, AMS. USDA, 
Chicago, Hlinots. 


Wednesday Afternoon, December 4, 1957 
Auditorium, 1:30 p.m. 


L. A. DIONNE, Presiding 


Potato Culture and Storage 


Studies of seed and tuber dormancy of Solanums. (5 minutes) L. A. DIONNE 
and P. B. SPICER, Dominion Entomological Laboratory, Fredericton, New 
Brunswick, Canada 

Timing of maleic hydrazide sprays to stage of plant development. (Illustrated 
2x 2, 10 minutes) RICHARD L. SAWYER, Long Island Vegetable Research 
Farm, Riverhead, New York. 

Sprout inhibition of bulk stored potatoes. (Illustrated 2 x 2, 10 minutes) 
N. R. THOMPSON and D. R. ISLEIB, Michigan State University, East 
Lansing, Michigan. 
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Temperature - growth relations: II. Influence of soil temperature on rate of 
root and sprout growth of potatoes. (Illustrated 2 x 2, 15 minutes) D. R. ISLEIB 
and N. R. THOMPSON, Michigan State University, Fast Lansing, Michigan. 


Effect of source of potash on russeting of the Russet Burbank potato in Maine. 
(15 minutes) HUGH J. MURPHY and MICHAEL GOVEN, University of Maine, 
Orono, Maine 


Nitrogen fertilization of potatoes. (Illustrated 2 x 2, 15 minutes) RICHARD 
I.. SAWYER, Long Island Vegetable Research Farm, Riverhead, New York. 


Effect of nitrogen level on growth, quality and yield of potatoes. (12 minutes) 
I. kK. GHOSH, National Potato Chip Institute, Ithaca, New York 


Growth and nutrient uptake of Russet Burbank potatoes. (Illustrated 2 x 2, 
15 minutes) RAY D. JACKSON and JAY L. HADDOCK, A.RS., USDA. Fort 
Collins, Colorado and Logan, Utah, respectively. 


Some plant nutrient relationships on the potato crop grown on a calcareous 
soil. (Illustrated 2 x 2, 15 minutes) _— L.. HADDOCK and RAY D. JACKSON, 
A.RS., US.D.A., Logan, Utah and Fort Collins, Colorado, respectively 


Evaluation of factors affecting yield of potatoes in Alabama. (Illustrated 2 x 2, 


15 minutes) L. M. WARE and W. A. JOHNSON, Alabama Agricultural Experi 
ment Station, Auburn, Alabama 


Il. Effect of size of whole seed, and cut-seed from sized tubers and seed spacing 
on rate of growth, plant population, and yield. (15 minutes), ARTHUR 
HAWKINS, University of Connecticut, Storrs, Connecticut 
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Ann Arbor WMichige: 


Increased Stands, Bigger Yields, More 
Profits when Potato Seed Pieces Are 
Treated with 


ORTHOCIDE 


75 Seed Protectant 


ORTHOCIDE not only protects potato seed pieces from seed rot and 
damp-off at planting, but this treatment continues its protective work 
after planting. Result—much greater production—growers report from 
17%, to 100%, increase in stands! Also potato seed acy we dipped in 
an ORTHOCIDE 75 Seed Protectant dilution can be held several days 
without deterioration—thus enabling growers to cut pieces in advance 
of planting, without costly, time-consuming interruptions to cut more 
pieces. 


CALIFORNIA SPRAY-CHEMICAL CORP. (QRTHO) 


Offices Throughout U.S. A. 
TM'S ORTHO, ORTHOCIDE REG. U.S. PAT. OFF 2 


“LOCKWOOD” 


@ A Symbol of Service!! 
@ A Sign of Quality:! 


PREPARE YOUR POTATO CROP FOR 
PROPER DIGGING WITH A 
LOCKWOOD 


VINE 
BEATER 


@ Extra Light Running. 


@ Flails Contoured 
to Fit Rows. 


@ Will Fit All Rows 
From 32” to 40”. 


—— Manufacturers of a Complete Line of Potato and Onion Machinery —— 


LOCKWOOD GRADERS 
GERING, NEBR. 
— 10 BRANCHES THROUGHOUT AMERICA — 
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